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Abstract 
This paper presents detailed results for the anticipated performances of six final 
Candidate Management Procedures (CMPs) for hake, both for the Reference Set of 
trials and for a wide range of robustness tests. The final choice amongst these six 
CMPs for the hake OMP to be recommended to provide TAC recommendations for 
2011 to 2014 is to be made at the Demersal Working Group (DWG) meeting on 18 
October. It is suggested that in making this choice the DWG focus on trade-offs 
amongst the six CMPs shown in four specific plots related to: i) future TACs 
compared to the risk of M. paradoxus depletion (together with subsequent 
recovery) for the Reference Set of trials and for the most difficult of the robustness 
tests (a decrease in carrying capacity K in the past), and also ii) the extent of inter-
annual TAC variability that each CMP evidences. 
 
Introduction 
As agreed at the last DWG meeting, the final set of CMPs for consideration include three tunings to 
the median average TAC (2011-2020) of 127, 132 and 137 000t and two options for the annual TAC 
change constraints (+10%,-5% and +10%,-10%), i.e. six candidates in all. For all these CMPs, a penalty 
term (see equations 1 and 2, Rademeyer and Butterworth, 2010) is included to secure improved 
performance for certain more severe robustness tests.  
The full set of CMPs considered in this document are listed in Table 1a, with their control parameter 
values given in Table 1b. This paper provides results for their application to the Reference Set (RS) 
trials and the full set of robustness tests. 
 
Results 
Reference Set 
Results for the six CMPs are reported in Table 2. Figs 1a-f plot a large number of projection statistics 
for each of the six CMPs, with Fig. 1g comparing the percentage annual TAC change for the six CMPs. 
Medians and lower 2.5%iles for the TAC and for B
sp
/B
sp
2010 for M. paradoxus under RSa are compared 
in Fig. 2, while Fig. 3 is a similar plot of B
sp
/B
sp
MSY for M. paradoxus under RSa. Worm plots together 
with 80%iles for the TAC and for B
sp
/B
sp
2010 for each of the six CMPs under RSa are shown in Fig. 4. 
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Fig. 5 compares medians and 95%iles for a series of performance statistics under the six CMPs for 
the RS. 
 
Robustness tests 
The full set of robustness tests are listed in Appendix A. Results for the base case CMP (CMPf1a) 
under the full set of robustness tests are given in Table 3, and medians and 95%iles for a series of 
performance statistics are plotted in Fig. 6. To save on time (and report length), only the least 
conservative of the six CMPs (CMPf1a) has been tested against the full set, because the other 
candidates would show better risk-related performances. 
Medians and lower 2.5%iles are plotted for the TAC and for B
sp
/B
sp
2010 for M. paradoxus for the more 
severe robustness tests based on the RC are shown in Fig. 7. Similarly Fig. 8 plots the medians and 
lower 2.5%iles for the TAC and for for B
sp
/B
sp
2010 for M. capensis for the robustness tests based on 
the RS11 (M. capensis in need of rebuilding). 
Medians and lower 2.5%iles for the TAC and for B
sp
/B
sp
2010 for M. paradoxus under Rob13, the most 
severe robustness test (decrease in K in the past), are compared in Fig. 9 for each of the six CMPs. 
 
Discussion 
Broadly speaking the results for the six CMPs for the RS have been seen in the past. The only new 
aspect here is the presentation of their anticipated performances in rather more detail. However, no 
new qualitative features seem to have become evident in this process. 
Full presentation of robustness test results is what is new here. What stands out from the 
comparisons in Fig. 6 for RSa-related tests is that the risk in terms of unintended depletion of M. 
paradoxus to a low spawning biomass is much higher for test Rob13 (a decrease in K in the past) 
than for any of the other tests. This is confirmed in the Fig. 7 plots for the seven most difficult of 
these tests, where only for Rob13 is there any appreciable reduction at the lower 2.5%ile below the 
2007 minimum spawning biomass for M. paradoxus. 
For the RSb-related robustness tests for which results are shown in Fig. 8, median recovery rates for 
M. capensis are slow, but perhaps of most importance is that again there is scarcely any probability 
at the lower 2.5%ile of dropping below the 2007 spawning biomass minimum. 
 
Summary remarks 
The key decision to be made on the basis of the results presented in this paper is a choice amongst 
the six CMPs considered. It is suggested that in making this choice, the Demersal Working Group 
should focus on the trade-offs amongst these candidates that are evident from four specific plots. 
FISHERIES/2010/October/SWG-DEM/53 
3 
 
 
 
Trade-offs between higher TACs and higher risk of M. paradoxus depletion 
Fig. 2b: which shows the trade-offs at the lower 2.5%ile in relation to the M. paradoxus spawning 
biomass dropping below its current 2010 level; and  
Fig. 3: which shows similar plots in terms of recovery to the MSY level for spawning biomass; these 
and those in Fig. 2c need to be considered also in the context of satisfying MSC-related recovery 
requirements; and further 
Fig. 9: which shows these same trade-offs for the most difficult of the robustness tests, Rob13. 
 
Trade-offs in relation to inter-annual TAC variation 
Fig. 1g: which contrasts the levels of this variation to be expected under the six CMPs. 
 
 
Reference 
Rademeyer RA and Butterworth DS. 2010. Further Candidate Management Procedure testing for the 
South African hake resource. Unpublished report, Marine and Coastal Management, South 
Africa. FISHERIES/2010/AUGUST/SWG-DEM/37. 
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Table 1a: Summary of the CMPs tested.  
 
 
 
 
 
 
Table 1b: Tuning parameter values for each CMP presented. T
para
 applies up to the year 2015 and 
then declines linearly to zero in year 2018. 
 
 
 
 
 
 
 
Table 2a: Projections results (either median, lower or upper 2.5%ile) “at a glance” for a series of 
performance statistics for the final set of CMPs under the RS. Catch units are thousand tons. 
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Table 2b: Projections results (medians with, lower and upper 2.5%iles shown in parenthesis below) 
for the series of performance statistics for which plots are given in Fig. 5 for the final set of CMPs 
under the RS. Catch units are thousand tons. 
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Table 3a: Projections results (either median, lower or upper 2.5%ile) for a series of performance 
statistics for CMPf1a under the full set of robustness tests based on the RC. The "low para 
B
sp
low/B
sp
2010" cells are shaded if values are less than 0.7 (the 2007 level); the "lowest TAC (2011-
2030)" cells are shaded if less than 95 (thousand tons). 
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Table 3b: Projections results (either median, lower or upper 2.5%ile) for a series of performance 
statistics for CMPf1a under the full set of robustness tests based on RS11 (M. capensis in need of 
rebuilding). The "low para B
sp
low/B
sp
2010" cells are shaded if values are less than 0.7 (the 2007 level); 
the "lowest TAC (2011-2030)" cells are shaded if less than 95 (thousand tons). 
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Fig. 1a: 95, 75, 50% PI and median for a series of performance statistics for CMPf1a. 
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Fig. 1b: 95, 75, 50% PI and median for a series of performance statistics for CMPf1b. 
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Fig. 1c: 95, 75, 50% PI and median for a series of performance statistics for CMPf1c. 
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Fig. 1d: 95, 75, 50% PI and median for a series of performance statistics for CMPf1d. 
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Fig. 1e: 95, 75, 50% PI and median for a series of performance statistics for CMPf1e. 
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Fig.1f: 95, 75, 50% PI and median for a series of performance statistics for CMPf1f. 
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Fig. 1g: 95, 75, 50% PI and median for the percentage annual change in TAC for each of the six CMPs. 
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Fig. 2a: Median (full lines) and lower 2.5%iles (dashed lines) TAC and spawning biomass (in terms of 
2010 level) for M. paradoxus for the final set of CMPs based on RSa. The horizontal dashed line 
shows the 2007 level. 
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Fig. 2b: As Fig. 2a but with different scales to show projections for the short term more clearly. 
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Fig. 3: Median (full lines) and lower 2.5%iles (dashed lines) for spawning biomass (in terms of B
sp
MSY) 
for M. paradoxus for the final set of CMPs based on RSa. 
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Fig. 4: 80% PI (shaded area) and ten worm trajectories TAC and spawning biomass (in terms of 2010 
level) for M. paradoxus for the final set of CMPs based on RSa. 
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Fig. 5: Performance statistics (medians) under the final set of CMPs for the RS. The error bars show the 95% PI. 
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Fig. 6: Performance statistics (medians) under CMPf1a for the full set of robustness tests. The error bars show the 95% PI. 
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Fig. 6: continued 
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Fig. 7: Median (full lines) and lower 2.5%iles (dashed lines) TAC and spawning biomass (in terms of 
2010 level) for M. paradoxus for the more difficult robustness tests based on the RC, under CMPf1a. 
The horizontal dashed line shows the 2007 level. The robustness tests are: 
Rob02: BH est., shift center in 1950, paradoxus: M2-=0.9, M5+=0.5, capensis: M2-=0.6, M5+=0.5; 
Rob05: True Ricker, shift center in 1950, both species: M2-=0.9, M5+=0.5; 
Rob13: Decrease in K in the past; 
Rob15: No shrinking of recent recruitment towards the stock-recruitment relationship predicted; 
Rob22: Ageing of both species to be halved; 
Rob25: Alternative maturity-at-length with fixed lower h value; 
Rob37: Decrease in K in the future. 
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Fig. 8: Median (full lines) and lower 2.5%iles (dashed lines) TAC and spawning biomass (in terms of 
2010 level) for M. paradoxus for the robustness tests based on RS11 (M. capensis in need of 
rebuilding), under CMPf1a. The horizontal dashed line shows the 2007 level. The robustness tests 
are: 
Rob05: True Ricker, shift center in 1950, both species: M2-=0.9, M5+=0.5; 
Rob13: Decrease in K in the past; 
Rob25: Alternative maturity-at-length with fixed lower h value; 
Rob37: Decrease in K in the future. 
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Fig. 9: Median (full lines) and lower 2.5%iles (dashed lines) TAC and spawning biomass (in terms of 
2010 level) for M. paradoxus for the final set of CMPs based on Rob13 (decrease in K in the past). 
The horizontal dashed line shows the 2007 level. 
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Appendix A: List of robustness tests 
 
Table A1: Summary of the robustness/sensitivity tests including changes in the past dynamics and based on 
the Reference Case (RC). 
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Table A2: Summary of the robustness/sensitivity tests including changes in the future dynamics and based on 
the Reference Case (RC). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table A3: Summary of the robustness/sensitivity tests based on the RS11, i.e. where M. capensis is in need of 
rebuilding as well as M. paradoxus. 
 
 
 
 
 
 
 
 
 
 
